A nonlinear mechanism of charge qubit decoherence 
in a lossy cavity: the quasi normal mode approach 
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In the viewpoint of quasi normal modes, we describe a novel decoherence mechanism of charge 
qubit of Josephson Junctions (JJ) in a lossy micro-cavity, which can appear in the realistic experi- 
ment for quantum computation based on J J qubit. We show that the nonlinear coupling of a charge 
qubit to quantum cavity field can result in an additional dissipation of resonant mode due to its 
effective interaction between those non-resonant modes and a resonant mode, which is induced by 
the charge qubit itself. We calculate the characterized time of the novel decoherence by making use 
of the system plus bath method. 

PACS numbers: 03.67.Lx, 03.65.Yz, 74.50.+r, 85.25.Cp 



I. INTRODUCTION 

The superposition principle is most basically governing 
quantum world |l|. It is also the foundation of quantum 
information technology. The ideal coherent superposition 
state can only be preserved in quantum world isolated 
from external influences. However, the influence of the 
surrounding environment can never be blocked off com- 
pletely. Now the coherence is an essential requirement 
for quantum information and the decoherence will result 
in errors to reduce the power of quantum computation 
and quantum communication or even destroys it. The 
quantum decoherence has become the biggest obstacle 
to its implementation. In practice, we need a qubit with 
long decoherence time and a longer lifetime medium to 
implement quantum logic gate. To overcome quantum 
decoherence, one should know its dynamic details theo- 
retically and experimentally in various physical systems 
including all kinds of qubits. 

Recently in solid state based quantum computation, 
Josephson Junction (JJ) qubits: charge qubit, flux qubit 
or their hybridizations, demonstrate their large poten- 
tial as a candidate of scalable quantum computation. On 
the one hand, the Rabi oscillation in a Cooper-pair box 
(charge qubit) 0, the existence of two-qubit states Q| 
and the entanglement between a flux qubit and a super- 
conducting quantum interference device (SQUID) 5] arc 
realized experimentally. Up to now, the decoherence time 
of J J qubit has been the order of 5/is 6J. On the other 
hand, to implement quantum computation, one should 
integrate many qubits to form a quantum coherent net- 
work. To this end, a longer lifetime medium is required 
to transfer quantum information among these qubits in 
the network. Some investigations have shown that quan- 
tized field in microwave cavity might be a good candidate, 
whose lifetime is of order 1ms For this purpose, the 
integration of JJ qubit and cavity QED has become a fo- 
cus in ex ploring the JJ qubit based quantum computing 
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In spite of these exciting advances, the relatively short 
coherent time is still a problem in implementing the JJ 
based quantum computing in large scale and the mecha- 
nism of decoherence of JJ qubit is not very clear, espe- 
cially in the presence of external field. The fluctuation 
of background charge is a well-known source of quantum 
decoherence [l4|, but it is not the unique one. For a real 
dc-SQUID, the fluctuations of gate voltage and magnetic 
flux produced by the screening current circulating around 
the dc-SQUID may also cause additional quantum deco- 
herence in the charge qubit-cavity system. To bring out 
more clearly the physical mechanism of nonlinear deco- 
herence described in this paper, we can avoid the effect 
of screening current in the physical case of the dc-SQUID 
screening parameter (i m — 2LI c /$q < 2/tt ^5|. Here L 
is the loop inductance of dc-SQUID and I c the critical 
current of Josephson junction and $o nux quanta. To 
simplify the analysis of our paper and demonstrate more 
clearly the physics of our nonlinear decoherence mecha- 
nism, we do not consider fluctuations of the gate voltage 
and other source of decoherence. Most current investi- 
gations for integrating and manipulating various kinds of 
JJ qubits mainly concern about the idealized cavity with- 
out damping. Naturally one can question about what will 
happen if we place a qubit in a non-ideal cavity. It is our 
direct motivation for this paper. Here we will deal with 
quantized field in a lossy cavity with the quasi normal 
mode approach [13, E3, EH |2£j . In this treatment, cavity 
modes in a lossy cavity are divided into a single resonant 
mode and other non-resonant multi- modes. Due to the 
nonlinear coupling of the charge qubit to cavity field, the 
effective interaction between those non-resonant modes 
and the resonant one causes an additional dissipation of 
the resonant mode. This is just the novel mechanism 
of quantum decoherence for the charge qubits in a lossy 
cavity. 

The paper is organized in the following sections. With 
the quasi normal mode approach, the model in Sec. II 
describes a charge qubit interacting with a lossy cavity. 
In Sec. Ill, we demonstrate how the nonlinear coupling 
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of a charge qubit to cavity field induces the effective in- 
teraction between resonant mode and non-resonant ones. 
In Sec. IV, we find that the nonlinear coupling leads to 
energy dissipation of resonant mode of cavity field which 
is linked to quantum decoherence of a charge qubit in a 
lossy cavity in Sec. V. 



II. MODEL: CHARGE QUBIT COUPLED TO 
THE LOSSY CAVITY 



(resonant mode) has a finite quality factor Q and there 
exists many modes of the universe (non-resonant modes) 
corresponding to each quasi mode. Then the quantum 
cavity field B 9 could be composed of resonant mode of 
cavity field B r and non-resonant modes of cavity field 
B nr , B g = B r + B nr . In this paper, we assume that the 
lossy cavity of our interest contains only one quasi mode. 

Fig^Jshows that the dc-SQUID lies in the x-z plane and 
the direction of the quantum cavity field is perpendicular 
to the plane, 



In this paper, we consider a single mode quantum field 
in a lossy cavity with frequency lo ~ 30GHz (typically 
in the microwave domain) and quality factor Q ~ 10 6 
coupled to a charge qubit, in which the charging en- 
ergy Ec ~ l22p,eV and the Josephson coupling energy 
Ej ~ 34/ieV |l4|. The charge qubit considered in this 
paper is a dc-SQUID consisting of two identical Joseph- 
son junctions enclosed by a superconducting loop. It is 
located in a lossy cavity which is produced by a semi- 
transparent mirror. The similar case is discussed for 
quantum dissipation of semiconductor exciton in a lossy 
cavity IS]. In this paper, we can describe the mag- 
netic field in a lossy cavity with the quasi mode approach 
[HlIIBiniEU And we can divide cavity modes into two 
parts: a single resonant mode and other non-resonant 
ones. 
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FIG. 1: Schematic of the charge qubit-cavity system. Super- 
conducting microwave cavity with parameter, R = 2.55mm, 
L = 0.5cm. 



In this case, the magnetic flux threading the dc-SQUID 
is generated by magnetic field B = B c + B g , which con- 
sists of external classical magnetic field B c and quan- 
tum cavity field B g 0- To demonstrate the physics of 
our result, we don't consider the effect of the screening 
current. Similarly the total magnetic flux threading dc- 
SQUID could be a sum of two parts $ = $ c + $ g , where 
<1> C = J B c ■ dS is the external classical flux threading the 
dc-SQUID, $ 9 — f H q ■ dS the cavity-induced quantum 
flux through the dc-SQUID and S the area bounded by 
the dc-SQUID. 

For an ideal cavity, we can describe cavity field with a 
set of normal modes with different frequencies. Similarly 
as in a laser theory |18| . we adopt quasi mode approach 
to describe the quantum cavity field B g in terms of a dis- 
crete set of quasi modes of the lossy cavity, each of which 
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B r (z) 
B nr (z) 



B q,v( z ) = B r (z) + B nr (z) 
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where al(a) and Oj(a,j) are the creation (annihilation) 
operators corresponding to single resonant mode of fre- 
quency lo and non-resonant modes of frequencies loj, V 
(Vj) the electromagnetic mode volume corresponding to 
resonant mode and non-resonant mode respectively and 
L the length of the cavity. The constant Mj in Eq. (JIJ is 
proportional to a Lorentzian [19j 



Mi = 



A^ 
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where 7 is the decay rate of a quasi mode of cavity , A the 
bandwidth associated with the cavity wall transparency 
and lo the central frequency of the resonant mode of cav- 
ity. It is obvious that Mj will acquire the maximum value 
when the frequency of non-resonant mode u)j is very close 
to the central frequency of the resonant mode lo. In our 
investigation, the lossy cavity contained only one quasi 
mode. 

The Hamiltonian for a charge qubit (dc-SQUID) can 
be written as in Ref. 1211 . 



H = AE C n 



<J Z — Ej COS 7T 



$0 



(3) 



Where Ec is the charging energy and Ej the Josephson 
coupling energy, Ec » Ej for a charge qubit. $ is the 
magnetic flux generated by controlled classical magnetic 
field and quantum cavity field and <&o = h/2e the flux 
quanta. As a control parameter, the dimensionless gate 
charge n g = C g V g /2e is determined by the gate voltage 
V g applied on the gate capacitance C g . Quasi-spin oper- 
ators 
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are defined in the charge qubit basis (|0) and |1) ). 

In Fig^ the dc-SQUID is located at the position 
of the antinode of standing wave field in cavity, i.e., 
z = L/2. Then corresponding to the field decomposi- 
tion B 9 = B r + B Jlr the magnetic flux <J> 9 = <I> r + $ rar 
enclosed by the dc-SQUID is explicitly given by 
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In a straightforward way, we derive the Hamiltonian of 
the qubit-cavity system from Eq.(|3J|, 



H = 4E C | n g 



v z - Ej cos (</> c + 4> q )a x 



(4) 



Where <p c and <p q are phase and "phase operator" gener- 
ated by the flux <E> C and § q respectively, 

<\> q = -i<j>o (a-o 1 )-;)^ <f>j [a.j - a] 



and 



nS 



huj 
e Q Vc 2 
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In the above discussions to achieve the simplified model 
we have ignored the effect of the screening current. How- 
ever, if the inductance of the loop of dc-SQUID is not 
zero, the screening current will induce the additional de- 
coherence. In presence of the screening current, we can 
not neglect the difference between the practical magnetic 
flux $ threading the dc-SQUID and the external mag- 
netic flux $ T . It can be determined by the following 
equation 

7T 

4> = 4>x + -^Pra Sin Q 

where (3 m = 2LI c /$q is usually called screening param- 
eter and <j> = 7r$/$o and 4> x — h$ x /§q. This equation 
simply shows that the total flux $ is the sum of the ex- 
ternal flux and the induced flux determined only by $ 
itself. If the screening parameter (3 m is small enough, we 
can approximately solve this equation in a single value 
domain with the technique of perturbation recursion up 
to the second order 
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4> = 4>x + sin ^ + { ) sin 0* cos ^ x 



(5) 



When (3 m n/2 << 1, i.e., m << 2/ir, we can ignore the 
effect of the screening current. But the additional non- 
linear terms containing (4> x ) 2 at least should also induce 
the additional nonlinear interaction between the resonant 
mode and the non-resonant ones. This is the further re- 
sult in the decoherence of charge qubit in the lossy cavity. 
However, to clearly demonstrate the physics of the cen- 
tral results of our paper, we suppose j3 m << 2 /it and 
ignore the effect of the screening current. Therefore we 
do not give much details for this problem. 



III. MODE INTERACTION INDUCED BY 
NONLINEAR COUPLING TO CAVITY 

As shown in FigQ two spherical mirrors form mi- 
crowave cavity 7] containing a single mode standing wave 
field. And an external classical magnetic field is also in- 
jected into the cavity. In this paper, the geometry of cav- 
ity is described by the parameters: the curvature radius 
R = 2 .55mm, the width between two mirrors L = 0.5cm. 
By some straightforward calculations, we get that the 
cavity field B = (^/e Uc 2 )* = 7.52 x l(r n (Tesla) and 
4>o = 7r$ 9 /$o = 1.14 x 10 -5 . In a low photon number 
cavity, we find that <p q <C e/> c , thus there is only a weak 
polynomial nonlinearity in Eq.QJ. 

To simplify the Hamiltonian in Eq.Q, we expand 
cos {(f> c + 4> q ) in terms of small quantity 4> q up to the sec- 
ond order, 



cos ( 



2 q 
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Obviously we can know that the second order term 
Yq = {4>r + 4>nr) 2 includes the term <fi r (j) nr which results 
in the nonlinear coupling between resonant mode and 
non-resonant modes of cavity field, on which the results 
of this paper is based. The first order term <p q is lin- 
early dependent of <f> r and (f> nr , which can not lead to the 
coupling between resonant mode and non-resonant ones. 
Therefore the nonlinear coupling in terms of e/) 2 , ~ 4> r (j) nr 
will induce energy dissipation and quantum decoherence 
of the charge qubit in a lossy cavity simultaneously. 

To clearly demonstrate the effect of quantum decoher- 
ence of a charge qubit in a lossy cavity we tune the gate 



voltage V g such that 



1/2 to eliminate the effect 



of background charge fluctuation up to the linear order. 
Then the effective Hamiltonian corresponding to a stan- 
dard quantum measurement model 22] reads 



H = H {a) |0) (0\ + H {1) |1}(1| 



(7) 



which is diagonal with respect to eigenstates of quasi spin 
operator a x , |0) = |0} o + |1) Q and |1> = |0) o - |1) . 



As seen in Eq.JfJJ, the second order term 



results in the interaction 
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single resonant mode and other non-resonant ones, while 



(aj-af) (a -at) 



between 



the first order term d> a results in the forced terms (a 



4 



and 



(aj - afj in the above Hamiltonian. With the ro- by defining a new set of bosonic operators b (6 f ) and b 
tating wave approximation (RWA), we can drop down 
the terms of a 2 (a 1 * 2 ) and aja (aja^) in cos (<f> c + <f> q ) and 
get an effective Hamiltonian 



(bj), which are the displacements of operators a and 
b = a + A, 



(11) 



where 



H W = H W + Hp + H { B k) + 
a — a' , 



(8) 



H B ) = E ^J a i a J " * E ^ ("J ~ "I 



and the parameters in the above equation can be explic- 
itly expressed as 

f-l) k 



b\Ej cos i 



M ("1) A 



9} ' = ' ^ <Pj PoE 'j cos <p c , 



i> Ej$m<f) c , 



?j = — z — pjEjsan 



(k) 

for fe = 0, 1. Here Hg describes a system with a forced 
oscillator of frequency Q,( k \ Hg describes a bath of 

many forced oscillators of frequency cj^s, and de- 
scribes the coupling of the resonant mode to non-resonant 

(k) 

modes. The coupling constant owns a Lorentz type 
factor, i.e., 



(9) 
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It means that the resonant mode of cavity field dominates 
the strength of the interaction mostly. 



IV. QUANTUM DISSIPATION OF RESONANT 
MODE OF CAVITY FIELD 



In this section, we study quantum dissipation of the 
resonant mode of cavity field. In each component of the 
Hamiltonian in Eq.lJSJ, can result in quantum dissi- 
pation of the resonant mode. To solve dynamic equation 
governed by the effective Hamiltonian , we rewrite 
the above Hamiltonian into the new form 



#( fc ) = anw&tft. 



^2 j 1 '- 



(10) 



a j + Xj 



Here, <pk is the constant, A and Aj are dependent of the 
forced terms (a — a') and (a — a'j of the effective Hamil- 
tonian ffW in Eq.©. 

For any coherent state \a) a and \ttj) a . defined with re- 
spect to annihilation operators a and aj , we get coherent 
state \a) b and \otj) b . defined with respect to annihilation 
operators b and bj, 



a). = e 



,-Ac 



lb - ' l«" A )a> 



(12) 



Obviously we can see that the effective Hamiltonian 
j{( k ) i n Ea. ((TU)l describes a typical dissipative system of 
a single-mode boson soaked in a bath of many bosons (we 
have studied its wave function structure in details 23]). 
The well-known solutions of Heisenberg equations for the 
Hamiltonian is given in Ref. [23l| . 

6«(t) = «<*>(*) 6 (oj + EvfWMo), 

j 

bf\t) = e-^*6 3 -(0)+«f (t) 6(0) + E«ji J (*)&.(«)• 



Where (t) and 6^ (t) represent the time evolution 
of operators b and bj. And we also get the solutions of 
Heisenberg equations for (t) and (t) representing 
the time evolution of operator a and aj driven by the 
Hamiltonian ffw as 



,(fe) 



(t) = &<« (i) - A, 
W(t) = bf\t)-\j 



(13) 



where 

u<*> (t) = e-^e-'^"^")', 



4 fe) (*) = - 



-i(QW+AnW- Uj )t -2* 



«S fc) (*) 



^( fc ) + Anco - - q 



(*) = - 



g (k) g (k) e - iujt 



l-e 



-i(n< fc >+An< fc >-^ 3 )t -z f 



A 



A = t, when s = j, 

A = , when s ^ j. 



(14) 
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Where AQ^ is frequency shift of 0^ corresponding to 
two different Hamiltonians H^ k \ In general, AQw can 
be absorbed into i.e., f2<» - fiW + AfiW. If the 

forced terms of the Hamiltonian in Eq.© are absent, we 

will get that (t) = M fe ) (t) and of } (t) = fcf } (t). 

Here we calculate the time evolution of the mean pho- 
ton number of the resonant mode of cavity field corre- 
sponding to two different Hamiltonians H^ k '. When we 
assume that the initial state of all modes of cavity field 
is prepared in Fock state \n, {rij}) = \n) ® |{nj}) , the 
mean photon number of resonant mode corresponding to 
Hk is calculated as 



iW(t) = (oWt(t) W(<) 



+ F(X,{X j },{n j },t) (15) 



where the time dependent constant F (X, Xj,rij,t) is de- 
pendent of A, Xj and rij and the time dependent term 
nexp(— jt) characterizing the quantum dissipation in- 
duced by non-resonant modes. Thus we can know that 
the time evolution of mean number of the resonant mode 
(t) is the sum of two parts: (1) quantum dissipa- 
tion nexp (—yt) induced by non-resonant modes; (2) the 
constant F (A, {Xj} , {rij} , t) generated by the first order 
term <p q and mean number of non-resonant modes rij . 

Through some simple calculations, we find that the 
constant F (A, {Xj} , {rij} , t) will approach zero when the 
forced terms vanish and the initial state of the bath (non- 
resonant modes) in vacuum state! {rij}) = |{0j}). Then 



we get the same results of Ref. |2J| that the time evolu- 
tion of mean photon number of resonant mode is 



( fe > (t) = ne- 7 *. 



(16) 



It means that vacuum fluctuation of non-resonant modes 
leads to quantum dissipation of resonant mode when the 
forced terms of operators a and a,j are absent. In the 
other words, the nonlinear coupling directly causes quan- 
tum dissipation of the resonant mode in a lossy cavity. 

In contrast to the model of single boson interacting 
with a bath of many bosons, the constant F (A, Xj, rij, t) 
provides the different effect that the mean number of 
resonant mode of cavity field doesn't approach zero when 
time t — > oo. 



V. DECOHERENCE INDUCED BY THE 
DISSIPATION OF RESONANT MODE 



Technically the process of quantum decoherence is de- 
scribed by the time evolution of the reduced density ma- 
trix of the coupled qubit-cavity system. To analyze it, we 
can calculate reduced density matrix for the time evolu- 
tion of the charge qubit. The pure decoherence process 
means that the off diagonal elements of the reduced den- 
sity matrix of the qubit vanish, while the diagonal ele- 
ments remain unchanged in an ideal case. 



Now if the initial state of cavity field is in coherent 
state, i.e., the resonant mode of cavity field is in a co- 
herent state | a) and other non-resonant modes of cavity 
field in coherent state |{<x/}}, the initial state of the total 
qubit-cavity system can be written as 

|*(0)> = (C |0> + C 1 |l»®|o,{a i }> . 

Then we can easily get the time evolution of the wave 
function for the qubit-cavity system 

|*(t)) - l/(t)|*(Q)) 

= Co |0) ® \<p<® (t)) + d |1) ® \<pW (t))(17) 

where £A fe ' (t) = cxp (— iH&'t) are evolution operators 
for the effective Hamiltonians and 

<pW(t)) = uMy)\a,{ aj }) a . (18) 

Then we can obtain time evolution of density matrix for 
the qubit-cavity system 

p(t) = \i,(t)}{i>(t)\ (19) 

and calculate the reduced density matrix of the qubit 

Ps (t) = QCo|0)(0| + C?Ci|l)<l| 

+ (yW (t) |^°) (t)) C* X C |0) (1| + h.c.(20) 

As a measure of the coherence of quantum system pB). 
the decoherence factor of charge qubit can be calculated 

as 

D(t) = \^(t)\^(t))\. (21) 

For any coherent state, we have 

H b = exp[a6t (0)-a*6(0)] |0) 6 . 
Obviously we can see that 

u {k) W|0,{0,}) b = 0. 
Formally, we can define 

(k) = rj(k) (i) (0) [/(fe)t ( t ) 

for any operator corresponding to and get the 
time dependent equation 



dO^ (t) 



dt 



(fc) (t),H k 



(22) 



So we have AW (t) = UW (t) b (0) (t) and 
Af ] (t) = J/W (t) bj (0) U (k ^ (t). By substituting -i into 
Heisenberg equation with i, we can get the solutions of 

A (fc)( t) = u «* (t) 6 (0)+£«f* (*)&,■(()), 

3 

Af{t) = e^%(0)+uf>(t)b(0)+Y,v%*(t)b s (0). 
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To demonstrate the effect of quantum dissipation of 
resonant mode induced by non-resonant modes on de- 
coherence of charge qubit, here we do not consider the 
effect of the forced terms and set A = and Xj = 0. 

In the above section, we have known that the vacuum 
fluctuation induced by the non-resonant modes can result 
in quantum dissipation of resonant mode. So we assume 
that the initial state of non-resonant modes is in vac- 
uum state |{0j}) b = |{0j}) and initial state of resonant 
mode coherent state \a) b = \a) . And time evolution of 
decoherence factor of the charge qubit is 



D(t) 



(23) 
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FIG. 2: Decoherence factor D (t) in Ea. 1270 as the function 
of the time t with the value of a = 2. 

With commutation relation [A^ (t) , (t)] = 1, 
we have 



,(*) 



(*) +Ehfw 



= i. 



(24) 



(25) 



According to Ea. (|18fl . we have 

\<p k (t)) = |auW (t^^U^avf (t)) ^ 

And the decoherence factor in Eq.JSJJ) becomes 



£)( t ) = e -\ a \* + ^(uW*(t) U W(t)+uW(t)uW*(t)) 

xe j #E J («f(*)«r(*)+«i i) w«r*w). (26) 

From the above results in Eq. © and Eq. (|14|> , we know 



that the term vf ] * (t) vf> (t) is proportional to (j> 2 (f)Q ~ 
0q which is a 4th order term of nonlinear expansion in 
Eq.@. Then we can omit it in the calculation of the 
decoherence factor and get 

D(t) = e -l«l a (i-e- 1, *cos[(n( l )+AnW-n( >-An(°5)t]) < , 2 7) 

Fig0 shows that the decoherence factor D (t) will de- 
crease in the oscillating decay form. In the above equa- 
tion, the term exp (—jt) represents quantum dissipation 
induced by the non-resonant modes. Therefore we obtain 



,(°) 



the central result of this paper that quantum dissipation 
of the resonant mode induced by the non- resonant modes 
directly results in quantum decoherence of the charge 
qubit in the lossy cavity. At long times, the decoherence 

factor D (t) = exp ^— \a\ 2 ^j is determined by the mean 

photon number \a\ 2 . At short times, the decoherence fac- 
tor becomes D (t) = exp (— Tt). Where the decay rate of 
decoherence T is proportional to the mean photon num- 
ber of resonant mode \a\ 2 and decay rate 7 of quantum 
dissipation of resonant mode, T = 7 \a\ . 



VI. CONCLUSIONS 

Before concluding this paper, we would like to remark 
the influences of the fluctuations of gate charge n g around 
1/2. We notice that the classical fluctuation of gate 
voltage is not the unique source of decoherence. The 
most recent investigations have demonstrated that l/f 
noise due to the background charge fluctuation, which 
also plays an imp ortant role in the decoherence of charge 
qubit [ll,|23,|23. Maybe there also exists some unknown 
source of decoherence. For simplicity we only deal with 
the decoherence of charge qubit by considering that such 
fluctuations can indeed occur in a real dc-SQUID, but 
it may be ignored so as to bring out more clearly the 
novel mechanism. Our investigation only emphasizes the 
role that nonlinear coupling plays in the decoherence of 
charge qubit in some case. 

In this paper, we have discovered the novel phe- 
nomenon of quantum decoherence of charge qubit in a 
lossy cavity, where we adopt the quasi mode approach 
to deal with a lossy cavity. We find that the nonlin- 
ear coupling between the charge qubit and the cavity 
field can induce the interaction between resonant mode 
and non-resonant modes of cavity field. Based on this 
observation, we achieve a nice model for this novel de- 
coherence mechanism that a forced oscillator (resonant 
mode) interacts with a bath of many forced oscillators 
(non-resonant modes). The decoherence factor is cal- 
culated to demonstrate an oscillating decay of quantum 
coherence of a charge qubit in the lossy cavity. In ad- 
dition, we have shown that vacuum fluctuation provided 
by these non-resonant modes can cause the quantum dis- 
sipation of resonant mode. Consequently, the quantum 
dissipation of resonant mode directly results in quantum 
decoherence of charge qubit. These analysis describe the 
novel source of quantum decoherence for a charge qubit 
in the lossy cavity. 
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